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process of expansion and elongation, but in this case, the two loci are not aligned along the axis of elongation, and the increase in distance between the spots is not so great. However, we do not detect a general increase in the distances separating loci in all early G1 nuclei over time, as would be expected if chromatin movements were just a passive consequence of nuclear expansion. Decreases in the distances between tagged loci are also visible during this period ( Figure 2B ). As we demonstrate below, regardless of the driving force for chromatin motion, active remodeling of chromatin position relative to nuclear compartments is occurring during early G1.
Interactions with Nuclear Compartments Are Established De Novo in Early G1
Individual lacO-tagged loci are restricted in their access to the total nuclear volume after chromosome separation, yet they display enhanced mobility that persists for at least 1-2 hr into G1 (Figures 1 and 2 ). To what extent do these factors contribute to positioning of loci relative to nuclear compartments? FISH studies have indicated nuclear repositioning of late replicating origins and human chromosome 18 to the nuclear periphery during early G1 [13, 14] . In addition, transient movements of a lacO array away from the nuclear periphery during early G1 have been observed [15, 16] . In living cells, photobleaching studies have not considered the distribution of specific chromosome regions relative to the nucleolus, nuclear envelope, or other nuclear compartments [4, 5] . We addressed this issue by looking at the acquisition of nuclear position for specific loci in position relative to the nuclear periphery; in the latter case, they need not. Our data support the latter conclusion. Figure 3A shows a z stack through two daughter 5p14 nuclei, taken 110 min after the completion of mitosis. In the left nucleus, both loci are far (Ͼ1 m) from ⌬d during early G1 are larger than those detected at other stages of interphase (Figure 2 and Table 1 It is unclear which events of G1 are responsible for the background GFP-LacI-NLS signals. The other locus (6.0 m z slice) is very close to, but not quite in contact with, enhanced mobility. We found an approximately similar range of motion for the tagged 11q13 locus in early the top of the nucleus (7.0 m slice). Therefore, these two daughter nuclei have asymmetric radial organiza-G1 cells that had exited mitosis in the presence of the transcriptional inhibitor 5,6-dichloro-D-ribofuranosyltion of this locus. Of the mitoses studied for the 5p14 cell line, two out of five movies displayed asymmetry benzimidazole (DRB) ( Figure 2B ). Therefore, chromatin motion in early G1 cells is not simply due to the recombetween daughters. These observations were reproduced for another lomencement of transcription after mitosis. In some cases, large increases in distance in early G1 may be cus. Tagged 19q12 also distributes between nuclear domains. It is most often seen adjacent to the nucleolus due to nuclear morphogenesis [7] . For example, the increasing distance between the tagged loci in the bottom but can also be found at the nuclear periphery (Table  S1 ). Analysis of fixed two-cell clones of the 19q12 cell daughter nucleus of Figure 1A clearly parallels the expansion and elongation of this nucleus along the same line reveals many daughter cells with nonidentical distributions of the locus with respect to these nuclear comaxis. The other daughter nucleus goes through a similar Table 1. partments. In Figure 3B the locus in one daughter cell 3D). For the null hypothesis of no inheritance of nuclear position, the probability of a locus associating with a (left) is associated with the nuclear envelope. In its sibling cell, the locus is associated with the nucleolus. We particular compartment is directly related to the population frequency of this association and is independent of extended these observations to a larger sample of fixed 5p14 and 19q12 two-cell clones ( Figure 3C ). A high frethe behavior of its sister locus in the other cell of the clone pair. The population frequencies for 19q12 associquency of differently organized daughters was seen for both loci. There is no statistically significant inheritance, ation with the nuclear periphery, nucleolus, or nucleoplasm were 0.35, 0.46, and 0.19, respectively (See Table  from Mean and maximum change in distance between frames (d Ϫ d t Ϫ 1 ) taken every 10 min, and the mean, median, and maximum range of motion (⌬d), over a 2 hr observation period, for tagged loci in cells that are in interphase (n ϭ 5 cells per locus) and for cells that have just exited from mitosis (early G1; n ϭ 5 mitoses per locus, i.e., 10 G1 nuclei). 11q13 cells were also examined in the presence of the transcriptional inhibitor DRB. combinations of locus association in sister cells were the completion of mitosis in a 5p14-tagged nucleus. This nucleus is the right-hand nucleus from Figure 3A . At the then generated from these data (see Experimental Procedures) and compared to the observed frequencies (O) earliest time point after nuclear membrane reformation, the locus is in the nuclear interior. As the nucleus begins ( Figure 3D ). This gives a 2 value of 7.2 for 5 degrees of freedom and corresponds to p ϭ 0.2-0.3; therefore, we to expand and flatten, the locus remains at least 2 m from the nearest nuclear edge (20 to 40 min time points), cannot refute the null hypothesis. The validity of the null hypothesis is clearly apparent from the raw observed but by 70 min it has moved to the nuclear periphery, where it persists for the remainder of the movie. Hence, data because the most frequent observation (9 out of 27 clones) was where 19q12 was nucleolar in one daughassociation with the nuclear envelope develops over the course of G1 and is not set up immediately after nuclear ter and peripheral in the other. This is not compatible with the inheritance of chromatin organization, with reenvelope formation. The converse situation, in which a locus moves away spect to nuclear compartments, from a mother nucleus to both daughter nuclei. from the nuclear periphery to an internal position in early G1, can also be seen. Figure 4B shows z stacks of a The observed asymmetry of daughter nuclei and the enhanced mobility of chromatin in early G1 indicates nucleus from the 11q13 cell line at 10 min intervals shortly after mitosis. In the first two frames, 10-20 min that loci can form, and lose, associations with nuclear substructures in daughter nuclei independently of their after the completion of mitosis, the locus is located in the nuclear interior. By 40 min after mitosis, it is associposition in the mother nucleus. For example, Figure 4A shows confocal sections taken at 10 min intervals after ated with the edge of the nucleus before it moves back 
Cell Lines
The HT1080 cell lines with lacO arrays integrated into the G-band Supplemental Data at 5p14 have been described previously [9] . The present study also A supplemental table is available with this article online at http:// makes use of newly characterized lacO integrant lines, where the www.current-biology.com/cgi/content/full/14/2/166/DC1/. insertion has occurred in the R-band at 11q13 and the pericentromeric region at 19q12 (Table S1) 
